Abstract. Biomass burning in the tropics contributes substantially to the emission of organic compounds and nitrogen oxides into the troposphere and has an important impact on the global budget of ozone in the troposphere. Since ozone formation is a nonlinear chemical process the rate of formation is also influenced by atmospheric dilution and transport. This paper addresses the production of ozone in a plume emerging from a biomass burning site. Atmospheric mixing processes downwind the fire are expected to influence the total amount of ozone produced. A sensitivity study to assess the influence of dilution on the maximum ozone mixing ratio and on the amount of ozone formed in the entire plume (excess ozone) reveals that both quantities depend strongly on the time scale and the final value of the dilution. Up to 70 % difference of the excess ozone as function of the characteristic time of the dilution was observed.
Introduction
Photooxidant formation in particular chemical production of ozone in the plume of a biomass burning event is a substantial contribution to the photooxidant budget in the tropics ( Chatfield and Delany [ 1990] and Lelieveld et al. [ 1996] ). It is estimated that roughly 15 % of the global ozone formation in the tropics is due to the impact of natural and anthropogenic biomass fires.
The purpose of the present paper is to shed some light on the role of atmospheric transport in particular dilution by mixing with chemically unperturbed air on the temporal evolution and the amount of ozone that is formed. We use the experimental data from the SAFARI campaign in 1992, where mixing ratios of hydrocarbons, ozone, NOx, and a couple of other parameters were measured in several plumes of biomass fires in southern Africa (Koppmann et al. [ 1997] and references therein).
Chatfield and Delany [1990] have already discussed the influence of transport on the formation of ozone. They disCopyright 1998 by the American Geophysical Union.
Paper number GRL-1998900046. 0094-8276/98/GRL-1998900046505.00 tinguished between two cases. Fresh emissions within the plume are first chemically processed and then mixed ("cookthen-mix") and the other limiting case where at the early stages dilution takes place and most of the chemistry occurs at later times ("mix-then-cook"). They concluded from calculations with a one dimensional model that model predictions always tend to overpredict ozone from biomass burning events.
Here we will present some simple model simulations that indicate a non monotonic dependence of the total amount of ozone formed in a plume on the total dilution and the time constant that is associated with the expansion of the plume downwind the fire. depends on amount and reactivity of the hydrocarbons in the plume. For the Drakensberg fire very reactive alkenes in particular isoprene provide an earlier increase of O3 after 10 h. Also the maximum ozone mixing ratio increases from 180 ppb to 280 ppb, which is in both cases much larger than the observed ozone levels during SAFARI92. Obviously chemical ozone formation is a nonlinear process, which as such is expected to be influenced by atmospheric mixing. Most relevant for an emerging plume is dilution with ambient chemically unperturbed air (Chatfield Both parameters were infered from the Drakensberg data to V = 2 and 'c = 2h using the measured excess C02 mixing ratio in the plume relative to the local background which was 10ppm above the hemispherical average (Koppmann et al. [1997] ). Comparison with calculations without dilution shows that dilution favours the formation of ozone at earlier times in particular in the case without the NMHC. In the presence of NMHC the dilution has only a rather small impact. This is probably due to the high reactivity resulting from the presence of highly reactive NMHC. The maximum 03 mixing ratio is lowered to 180ppb, which is, however, still larger than the experimental data.
Chemical Ozone Formation
The impact on the atmospheric ozone budget is related to the total amount of ozone formed in the entire plume rather than to the ozone mixing ratio. We define E(t) Mixing of plumes in the real atmosphere is a complex process that is only poorly described by the simple homogeneous dilution approach, that is used here. Nevertheless, our sensitivity study demonstrates that atmospheric transport has a substantial impact on the formation of ozone. There is a similar influence on other chemical intermediates like peroxides and the aldehydes (not discussed here). Sillman et al. [ 1990] that an unrealistically fast expansion such as instantaneous dilution in a model over a grid box will result in an overestimate of ozone formation if small and medium expansion ratios are compared. However, a comparison of medium and high expansion ratios suggests the opposite. Our results show substantially lower excess ozone formation for expansion ratios around ten than for expansion ratios around fifty (cf. figure  3) . The monotonic decrease of Emax for very high expansion factors suggests, that there exist plausible conditions where simulations on a global scale may underestimate the impact of biomass burning on the ozone budget.
E(t) -v(t)([O3(t)] plume-[03(t)]backgrøund). (9)
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